Gene amplification using polymerase chain reaction (PCR) was carried out on DNA samples from a total of 92 normal subjects and 52 subjects with myotonic dystrophy (DM) from European and Japanese populations, to determine the copy number of the CTG repeat associated with DM for each group. In the two populations, the number of repeats on normal chromosomes only were compared, as CTG copy number on DM chromosomes was difficult to determine by PCR alone. In this study, normal chromosomes were found which had as many as 35 copies of the repeat, which is larger than the normal range reported previously but still does not overlap with the repeat number associated with DM pathology, which is at least 50 copies. Using data from normal chromosomes from unrelated subjects, the frequencies of five, 11, and 13 copies of the CTG repeat were found to be significantly different between the two populations, with five and 11 copies more commonly seen in the European population and 13 copies in the Japanese population. This difference may be the result of natural divergence of the normal chromosomes between the population groups.
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(J Med Genet 1992;29: Myotonic dystrophy (DM) is the most common form of adult muscular dystrophy, with an average incidence of 1 in 8000 in the European population and a lower incidence of 1 in 20 000 in Japan.'2 DM is characterised by myotonia with muscle wasting and a wide range of accompanying symptoms including cataracts, intellectual impairment, and conduction defects in the heart.' The age of onset and severity of the disease show extreme variation both between and within families.
The genetic defect underlying DM was unknown until recently, when it was reported that a fragment of DNA is vastly expanded in DM patients." This expansion is the result of an increased number of a trinucleotide CTG repeat at the 3' end of a gene encoding a member of the protein kinase family."
The repeat copy number has been found to be highly variable in the normal population, with a reported size range between 5 and 30 copies."8 DM patients are found to have one allele in the normal size range and a larger DM specific allele; mildly affected or presymptomatic subjects have at least 50 copies of the repeat and severely affected patients have alleles containing up to several thousand copies of CTG. The extent of the expansion of the CTG repeat correlates well with age of onset and increased severity of symptoms within families: the larger the number of CTGs, the more severe the effects of the disease, but at least 50 copies are necessary to produce detectable clinical symptoms.68 The number of repeated sequences can change in succeeding generations, and an increase in repeat number indicates why children born to minimally affected parents can show more severe symptoms. This explains the phenomenon of genetic anticipation seen in myotonic dystrophy families.9 10 Polymerase chain reaction (PCR) using synthetic oligonucleotides flanking the CTG repeat allows the specific amplification of the region containing the repeat. The copy number of the repeat is very variable, and has been shown to decrease as well as increase." It is important for greater accuracy in diagnosis to establish the normal range of alleles. This study directly compares the number of copies of CTG on non-DM chromosomes in European and Japanese populations. polymorphic content of the CTG repeat was calculated using PIC = 1 -ni=1 Pi2, where Pi is the frequency of allele i. 13 PCR was carried out using 20 formamide dye (USB Sequenase version 2-0 sequencing kit, Cambridge Bioscience) and run on a 6% denaturing polyacrylamide gel. The polyacrylamide gel was dried and exposed to Hyperfilm-MP (Amersham) for one to two days.
Results
Heterozygote frequencies in the normal population studied were 73% (European) and 81% (Japanese). The CTG repeat is very informative and has a PIC value of 0-83 based on the frequency of 19 alleles seen in this study. The CTG repeat alleles showed mendelian inheritance through families, and in 146 meioses studied no new mutations were seen on normal chromosomes but the mutation rate on the DM chromosomes was 100%.
The frequencies of the CTG repeat of normal alleles from the European and Japanese populations are shown in fig 1. The distribution of alleles is indicated, with a peak repeat number of five, and then a second peak between 11 and 14. Very few repeats were found between five and 11; only a single example of an eight copy allele (European) and four of 10 copies (three European and one Japanese) were found.
The modal number of copies is five in the European population but 13 in the Japanese. The results of comparing the most common alleles from unrelated subjects from the European and Japanese populations, using the x2 test in 2 x 2 tables with Yates's correction, are shown in the table. Linkage disequilibrium between the CTG repeat size and flanking markers on normal chromosomes was looked for: the sample size for the European population was too small to determine if disequilibrium was present, but preliminary data from the Japanese population indicate that disequilibrium exists between 12 and 13 copies of CTG and the probe p37. 1. No disequilibrium was found with D19S63.
In looking at the normal range of CTG copies (including the non-DM chromosome from affected subjects) four different persons were seen with more than 30 copies of CTG, 32 and 35 copies on two Japanese chromosomes and 33 and 35 on two European chromosomes (fig 2) . In pedigree c in fig 2A, a 35 copy allele is inherited in a mendelian fashion by an affected child (lane 7) on the non-DM chromosome as a normal allele from the unaffected parent (lane 9). In pedigree b in fig 2A, the reverse occurs where 33 copies of CTG are inherited as a normal allele by an unaffected child from the affected parent. These results give a normal range of five to 35 copies for the CTG repeat in these populations.
The DM allele is generally not amplified under the conditions used and the smallest allele sizes for detectable clinical symptoms were only seen in three cases. Under the PCR conditions used, two alleles were seen in three mildly affected subjects and in each case the second (DM) allele was visualised as a faint diffuse band (<400 base pairs in size), which corresponded to repeat copy numbers of approximately 65, 78, and 86 (data not shown). 
Discussion
DM is caused by a mutation that increases the size of a genomic fragment by the amplification of a trinucleotide CTG repeat. This is similar to the trinucleotide repeat amplifications which cause mental retardation associated with fragile X (CGG) and X linked spinal and bulbar muscular atrophy (CAG In conclusion, the range of normal alleles has been extended from that previously reported, which aids in delineating the range of normal compared to DM alleles. Population differences have been found in the frequency of normal alleles in European and Japanese population groups. This can be explained by population divergence of the normal alleles, as the same mutation for DM has been found in both groups. At the moment PCR alone has a limited use as an informative diagnostic test and for the most accurate prediction Southern blots with BamHI and BglI digests should be used for the initial screening" (P Shelbourne,
